Abstract: Atrial fibrillation (AF) continues to be a leading cause of cerebrovascular morbidity and mortality resulting from cardioembolic stroke. Oral anticoagulation therapy has been shown to decrease the incidence of cardioembolic stroke in patients with AF by more than 50%. Appropriate use of anticoagulation with vitamin K antagonists requires precise adherence and monitoring. A number of factors that potentially induce patients' dissatisfaction reduce quality of patient life. New direct oral anticoagulants, such as the direct factor Xa inhibitors rivaroxaban, apixaban, edoxaban, and the thrombin inhibitor dabigatran, were developed to overcome the limitations of the conventional anticoagulant drugs. However, models to optimize the benefit of therapy and to ensure that therapy can be safely continued are missing for the new oral anticoagulants. This review will briefly describe the new oral anticoagulants dabigatran, rivaroxaban, apixaban, and edoxaban with focus on their use for prevention of embolic events in AF. Moreover, it will discuss the safety, efficacy, cost data, and benefit for patients' quality of life and adherence.
Introduction to thrombosis prophylaxis with new oral anticoagulants (NOAC)
Deep vein thrombosis, ischemic stroke, and pulmonary embolism are manifestations of the same disease process, summed up over 100 years ago by Rudolph Virchow.
1 His hypothesis that thrombosis was the result of the interaction of the three factors -stasis of blood flow, hypercoagulability of the blood, and damage to the vascular endothelium -has become the basis of risk-association diagnosis in patients who have developed venous thrombosis embolism.
Atrial fibrillation (AF) is the most common tachyarrhythmia with prevalence of over 10% in older patients (.70 years). AF is the leading cause of ischemic stroke, and stroke due to AF is one of the leading causes of death and adult disability. 2 Besides rate and rhythm control, stroke prevention is the key management strategy for patients with nonvalvular atrial fibrillation and one or more additional risk factors for stroke. 3 Thrombosis risk can be quantified using the CHADS 2 or recently quantified CHA 2 DS 2 -VASc scores (documenting risk factors for stroke: history of congestive heart failure, hypertension history; age $75 [or age $65 years associated with one of the following: diabetes mellitus, coronary artery disease, or hypertension]; diabetes mellitus; stroke or transient ischemic attack or thromboembolism history; vascular ® ; Bayer Pharma AG, Leverkusen, Germany), dabigatran (Pradaxa ® ; Boehringer Ingelheim GmbH, Ingelheim, Germany), and apixaban (Eliquis stages of clinical studies. The predictability of these new oral direct anticoagulants is based on their pharmacodynamic and pharmacokinetic profiles. Unlike VKAs, multiple food and drug interactions are not seen with NOAC and, thus, routine monitoring with laboratory tests is not recommended.
The pharmacokinetic profiles of NOAC
Rivaroxaban as the first direct oral factor Xa inhibitor is a small molecule (molecular weight 436 g/mol) that is almost insoluble in water and exhibits high plasma protein binding (92%-95%) in humans, with serum albumin being the main binding component. The absolute bioavailability of rivaroxaban is high (80%-100%) and is not affected by food intake. In patients with nonvalvular atrial fibrillation receiving Xarelto ® 20 mg once daily, median maximal concentration (C max ) at steady state reaches approximately 290 µg/L (5th-95th percentile: 195-420 ng/mL) and a trough concentration (C trough ) of approximately 32 µg/L (5th-95th percentile: 5-87 ng/mL). Rivaroxaban has a dual mode of excretion with the renal route accounting for one third of the overall elimination of unchanged active drug. [10] [11] [12] Apixaban as second direct oral factor Xa inhibitor with good bioavailability and a half-life of approximately 12 hours has high affinity for factor Xa similar to rivaroxaban, and inhibits free factor Xa, factor Xa in the prothrombinase complex, and factor Xa bound to platelets. Absorption of apixaban is approximately 50%. Following oral administration, peak plasma concentrations are observed at about 3-4 hours post dosing. Apixaban is 87% bound to plasma proteins. Apixaban is eliminated predominantly via the fecal route (56%), with 25%-29% of the recovered dose eliminated via urinary excretion. In patients receiving Eliquis ® 5 mg twice daily, mean C trough and C max reaches approximately 19-162 ng/mL. 12 Edoxaban is another oral reversible direct factor Xa inhibitor with 62% oral bioavailability. It achieves maximum concentrations within 1-2 hours, its mean terminal elimination half-life is 8.75-10.4 hours. Edoxaban is primarily eliminated unchanged through multiple pathways, with approximately 50% of systemically absorbed drug eliminated via renal excretion. The most abundant metabolites are formed through hydrolysis with minor contribution from cytochrome P450-3A. 13 Dabigatran etexilate is a potent synthetic nonpeptide competitive rapidly acting oral direct thrombin inhibitor. Dabigatran is taken orally as a prodrug in its inactive precursor form, dabigatran etexilate, which is converted after absorption by nonspecific esterases to the active substance 
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Oral anticoagulation in patients with nonvalvular atrial fibrillation that inhibits thrombin directly. In the treatment of atrial fibrillation, for which dabigatran was approved by the Food and Drug Administration and the European Medicine Agency (in 2011), patients had a twice daily regimen of 150 mg. Pradaxa ® is prescribed as having a C max at steady state of 254±70.5 ng/mL (mean ± standard deviation) and a C trough after 12 hours of 80.3±18.7 ng/mL in elderly subjects. 14, 15 As seen in Table 2 , the three NOAC, dabigatran, rivaroxaban, and apixaban, differ in mode of action (factor IIa and factor Xa inhibition), pharmacology, pharmacokinetic and pharmacodynamic parameters, drug interactions, and side effects.
Efficacy and safety studies for prophylaxis of thromboembolism in nonvalvular atrial fibrillation of NOAC Dabigatran (Pradaxa ® ) was the first new oral anticoagulant to be approved based on the results of the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial for the prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation. 16 In the RE-LY study, 18,113 patients with nonvalvular atrial fibrillation and at least one additional risk factor for stroke or systemic thromboembolism were randomized into two different treatment arms: dabigatran 150 mg or 110 mg twice daily or conventional therapy with the VKA warfarin in therapeutic international normalized ratio (INR)-targets of 2.0-3.0. Both dabigatran treatment regimes were statistically noninferior to the VKA in terms of the rate of primary efficacy endpoints (stroke and systemic embolism) as well as with respect to the primary safety endpoint (severe bleeding complications). The higher dabigatran dosing (150 mg twice daily) was significantly superior to the tested VKA in reducing the primary efficacy endpoints, without increasing the risk of bleeding. The lower dosing (110 mg twice daily) showed a comparable effectiveness in terms of preventing stroke and thromboembolism, while the risk of bleeding complications was significantly lower. Interestingly, both dabigatran dosage regimes were associated with a significantly lower risk of intracranial bleeding compared to the VKA. Clinically relevant side effects in gastrointestinal complaints (dyspepsia) and gastrointestinal bleeding occurred more frequently among dabigatran treated patients.
Rivaroxaban (Xarelto ® ) was the first oral factor Xa inhibitor to have gained approval for the prophylaxis of thromboembolism in nonvalvular atrial fibrillation. In the double-blind randomized pivotal trial Rivaroxaban Once-daily, oral, direct factor Xa inhibition Compared with vitamin K antagonism 
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Mani and Lindhoff-Last for prevention of stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF), a high risk population of approximately 14,000 patients with nonvalvular atrial fibrillation was included; patients had at least two risk factors or had history of stroke, transitory ischemic attack, or systemic embolism (average CHADS 2 score: 3.5). 17 Rivaroxaban 20 mg once daily was compared with the VKA warfarin at INR target of 2.0-3.0. Patients with impaired renal function (creatinine clearance of 30-49 mL/minute) were treated with a reduced rivaroxaban dose of 15 mg once daily. In the statistical analyses, a noninferiority of rivaroxaban compared to the conventional treatment with warfarin could be demonstrated for preventing thromboembolic complications and safety. In the on-treatment analysis, rivaroxaban resulted in a significant reduction in the primary efficacy endpoint consisting of stroke and systemic embolism compared to with the VKA. The primary safety endpoint of the study consisted of all bleeding complications (severe and nonsevere clinically significant bleeding) and was not significantly different in both study treatment arms. Rivaroxaban was associated with a significantly lower risk for intracranial bleeding and fatal bleeding complications.
Apixaban (Eliquis ® ) as second oral factor Xa inhibitor was examined in two randomized, multicenter studies in patients with atrial fibrillation. In the Apixaban versus Acetylsalicylic acid to prevent strokes (AVERROES) trial, 5,599 patients with atrial fibrillation and at least one additional risk factor were double-blind randomized. 18 Patients who were not suitable for treatment with VKA and, were either treated with acetylsalicylic acid (ASA) at doses of 81-324 mg once daily or apixaban at a dosing of 5 mg twice daily. It has long been known that ASA has only a limited antithrombotic effect in atrial fibrillation; therefore, apixaban could demonstrate its superior antithrombotic activity compared to ASA. The risk of suffering stroke or embolism was approximately halved under apixaban treatment. Remarkably, the bleeding rates among apixaban were not significantly increased in comparison to ASA. Due to the superior benefit-risk profile of apixaban, the study has been terminated prematurely. It was finally investigated in the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE)-trial whether apixaban in the dosing of 5 mg twice daily is non-inferior to warfarin at target-INR of 2-3. 19 The study design was double-blind and randomized, and included patients with nonvalvular AF and one additional risk factor (average CHADS 2 score: 2.1). Patients with increased risk of bleeding and the presence of two risk markers (age .80 years, body weight less than 60 kg, creatinine .1.5 mg/ dL) were treated with the lower dose of apixaban 2.5 mg twice daily. The primary endpoints consisted of stroke and systemic embolism. Both the risk of stroke and systemic embolism and the risk of major bleeding complications were statistically significantly lower with apixaban than with warfarin. Moreover, apixaban had an impact on the mortality of the patients that was significantly reduced in the statistical analyzes in comparison to warfarin.
Edoxaban (Lixiana ® ), another oral factor Xa inhibitor, was studied in a large multicenter phase III trial versus warfarin in subjects with AF: ENGAGE AF-TIMI 48. 20 With more than 20,000 patients, this study was the largest and longest single comparative clinical trial performed for prevention of embolic events in nonvalvular AF. Two edoxaban regimens (30 or 60 mg once daily) were tested for noninferiority in comparison to warfarin during the treatment period of 2.8 years. The primary efficacy endpoint was stroke or systemic embolism. Both oncedaily regimens of edoxaban were noninferior to warfarin with respect to the prevention of stroke or systemic embolism and were associated with significantly lower rates of bleeding and death from cardiovascular causes.
All studies, which compared the efficacy and safety of the new direct oral anticoagulants, used dose-adjusted warfarin as standard of control and showed noninferiority or superiority for the efficacy outcome of ischemic stroke and systemic embolism. Furthermore, the rates of major bleeding complications were similar or even reduced for the new drugs in comparison with warfarin.
21 Table 3 summarizes the results for efficacy and safety data of dabigatran, rivaroxaban, apixaban, and edoxaban based on the RE-LY, ROCKET AF, ARISTOTLE, and ENGAGE AF-TIMI 48 trials.
No clinical comparisons regarding efficacy and safety outcomes between the new direct oral drugs have been performed with patient cohorts, and it is highly unlikely that such a comparison would be performed in the near future due to the expense and risks to the manufacturer of such an undertaking.
Health outcomes and patients' quality of life
The VKA such as warfarin, acenocoumarol, and phenprocoumon require drug monitoring mainly due to their narrow therapeutic window and numerous food and drug interactions. The relationship between monitoring VKAs and their efficacy/ safety balance is proven. 22, 23 The exponential increase in studies evaluating health-related quality of life as an important outcome in anticoagulated patients has shown that monitoring these patients leads to more anticoagulation stability, lower incidence of bleeding, and less ischemic events. [24] [25] [26] [27] [28] [29] [30] However, active changes in lifestyle can be potentially troublesome for many patients. Qualitative studies have 
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Oral anticoagulation in patients with nonvalvular atrial fibrillation confirmed that frequent monitoring of blood tests and visits to the clinic, anxiety related to adverse events, patient autonomy, dietary restrictions, and the impact of anticoagulant medication on physical activities have a negative impact on the health-related quality of life. 24 Moreover, it is often intended that the oral anticoagulation should be maintained over the long term, sometimes for the remainder of patient's life.
Advantages of NOAC include the wide therapeutic window, low inter-and intraindividual variability of the dose-effect relation, and only few known drug interactions or genetic determinations of the metabolism; thus, their clinical use is easy to handle, and frequent monitoring and dose adjustments have not been considered necessary. However, there are several situations in which it may be of assistance to assess the anticoagulant effects, even of NOAC such as rivaroxaban, apixaban, or dabigatran. 31, 32 In patients with severe renal impairment (creatinine clearance ,30 mL/minute) plasma levels may be significantly increased, which may lead to an increased bleeding risk when treated with rivaroxaban or apixaban. The use of these two oral factor Xa inhibitors is not recommended in patients with creatinine clearance ,15 mL/minute and are used with caution in patients with creatinine clearance between 15 and 29 mL/minute, as suggested in the summary characteristics of the products.
33,34 Clinical case reports suggested that lower exposure of rivaroxaban or apixaban in patients with high body weight (.120 kg) did not result in loss of drug efficacy. 35 Dose adjustment based on low body weight may also not be warranted; however, combination of additional risk factors for bleeding (age $80 years, body weight #60 kg, and serum creatinine $1.5 mg/dL) might lead to dose adjustment. As substrates of CYP3A4 and P-glycoprotein, rivaroxaban and apixaban are not recommended for concomitant use with strong inhibitors of both pathways, eg, most azole antimycotics and protease inhibitors.
Since dabigatran is eliminated primarily by renal excretion, the use of low dosage is recommended at a reduced kidney function and also at an increased risk of bleeding in patients, as well as in the elderly ($75 years).
36-39 A corresponding control value of the renal function before starting treatment and subsequently is required at regular intervals. In severe renal insufficiency (creatinine clearance ,30 mL/minute), there is a contraindication for dabigatran due to accumulation.
Currently, there is no specific antidote for the direct oral anticoagulants available. The anticoagulation with VKA can be reversed by vitamin K injections. Oral vitamin K will lower the INR within 24 hours. Intravenous vitamin K can lower the INR more quickly than oral vitamin K, but at 24 hours, intravenous and oral vitamin K produce similar degrees of INR correction. 40 Due to the long half-life of VKA, the antidote vitamin K for bleeding takes at least 12 hours to affect INR. Therefore, for more serious bleedings with VKA, other additional treatments are recommended. 
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Fresh frozen plasma, prothrombin-complex concentrate, and recombinant factor VIIa have been used as general hemostatic agents in patients treated with anticoagulants who experience severe hemorrhage. 41, 42 For the NOAC, the management of bleeding can also be performed with these hemostatic agents. However, the effectiveness of these nonspecific agents for reversing the effect anticoagulation has not been established; there are only case reports of potential reversal agents, which showed dose dependent reversal of the anticoagulant effect of the NOAC. Due to the short half-lives and dose omission of NOAC, the anticoagulant effect may be reduced rapidly within hours without taking further action. Therefore, less serious bleedings with NOAC might be more easily managed than bleedings with VKA. However, there has been intensive effort to develop more specific antidotes for the new oral anticoagulants. The modified recombinant protein (r-Antidote, PRT064445) is a specific antidote for reversal of anticoagulation by direct and indirect inhibitors of coagulation factor Xa, already prooved in animal models of bleeding. 43 An antidote specific for dabigatran (aDabi-Fab) has been shown to effectively reverse the anticoagulant activity of dabigatran in vivo in a rat model of anticoagulation. 44 Moreover, it is reported that a synthetic small molecule (PER977) reduces blood loss by reversing the anticoagulant activity of apixaban, rivaroxaban, and dabigatran in a rat tail transection assay. 45 Over-or under-anticoagulation may lead to serious bleeding or increased risk of embolic and thrombotic events. 46 Regarding VKA, the time expressed in percentages that patients spend in therapeutic INR range is less than half in routine practice than in clinical trial settings. 47, 48 For NOAC, no routine monitoring is mandatory. Therefore, the level of treatment satisfaction and efficacy will be unknown till an event appears.
Health-related parameters such as physical function, vitality, and general health can be easily measured. However, the major concern of doctors that oral anticoagulation, whether new or old, will lead to hemorrhage or thrombosis will mostly be solved by regular blood testing and contact with medical practitioners. [22] [23] [24] [25] [26] [27] [28] [29] [30] As mentioned, in patients over 70 years of age, the risk of a bleeding events is twice as high as in patients younger than 70 years of age. Moreover, when considering the elderly, adherence, and quality of life, it must be remembered that not all NOAC (ie, dabigatran) are suitable for dosette boxes. Dabigatran must remain in its original packing up until it is taken to protect it from moisture. The oral bioavailability may be decreased if the drug remains open for days in the dosette boxes, and increased by 75% compared to the reference capsule formulation when the pellets are taken without the capsule shell. 36 Incorrect handling may, therefore, lead to higher risk for bleeding or thrombotic events, especially in elderly patients. Therefore, regular blood testing and visits to the doctors reassures effective treatment and health outcome, especially in the elderly.
To improve the treatment with coumarin derivatives a standard method for reporting the prothrombin time has been assessed to ensure the proper dosage intensity that decreases the risk of bleeding while maintaining the therapeutic efficacy of the vitamin K antagonists. The target specific inhibitors dabigatran, rivaroxaban and apixaban represent a new class of anticoagulants that can not be monitored with global coagulation tests due there is not a predictable linear relationship between laboratory value and drug concentration. [49] [50] [51] [52] [53] [54] [55] [56] Chromogenic anti-factor Xa assays have been demonstrated to have the potential for accurate measurement of plasma concentrations of the direct factor Xa inhibitors. [57] [58] [59] [60] However, the threshold values of drug concentrations and the degree of prolongation that might still be assumed as safe must be defined. Moreover, an exact cutoff that defines a clearly increased hemorrhagic risk at trough levels of direct factor Xa inhibitors has to be defined; such threshold values are only available for dabigatran. The thrombin time (TT) is reported to be very sensitive to low concentrations of dabigatran. 61, 62 A normal TT indicates that dabigatran is either absent or at a negligible low concentration. In cases of acute emergency operations, when the detection of low dabigatran concentrations might be necessary, the TT assay provides qualitative information regarding the presence of dabigatran. A diluted TT assay can be used to accurately measure dabigatran concentrations. Due to the linear doseresponse curves over a wide concentration range, a diluted TT assay can be used to accurately monitor both trough and peak dabigatran levels.
However, if oral anticoagulation stability could be more easily achieved over time, patients would suffer less adverse events and need less frequent blood controls. Different models of anticoagulation treatment might have different impacts on patients' satisfaction. A basic need in improving the satisfaction of a patient is to first know what individual habits and social surroundings the patient has.
Cost analyses
For future practice, the physicians need to consider which patients with atrial fibrillation are best suited for treatment with the new direct oral anticoagulants, and whether it makes sense to switch patients with preexisting and 
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Oral anticoagulation in patients with nonvalvular atrial fibrillation well-adjusted VKA therapy to NOAC. The decision to switch patients to NOAC should also take economic considerations into account.
VKA represent the gold standard therapy for the prevention of thromboembolic complications in atrial fibrillation. 63 Moreover, VKA have now reached the lowest mean cost for the defined daily dose; in Germany in 2013, the daily cost was 0.20€ for phenprocoumon, 3.28€ for dabigatran and rivaroxaban, and 3.43€ for apixaban. Even when event costs, INR-testing, physician visits, or prescription drug costs in a long-term 30-year model are invoiced, as performed by Harrington et al, 64 warfarin had the lowest mean cost of $77,813, followed by rivaroxaban 20 mg ($78,738), dabigatran 150 mg ($82,719), and apixaban 5 mg ($ 85,326) for a baseline patient (defined as a 70-year-old patient with AF with an increased risk for stroke [CHADS 2 .1 or equivalent], a renal creatinine clearance of .50 mL/minutes, and no previous contraindications to anticoagulant therapy). For a baseline 65-year-old patient with AF and CHADS 2 .1 or equivalent in a time range over 20 years, the cost-utility analysis for warfarin ranged from 7,622€ to 9,069€ and for NOAC from 19,537€ to 20,048€. 65 Self-management entails the measurement of the INR by the patient using point-of-care devices and, when necessary, self-adjustment of the VKA dosage. [27] [28] [29] [30] In the review of Regier et al, 66 start-up cost in Canada for selfmanaging treated patients was estimated to be $1,567 per patient, and the annual cost of physician management and self-management was estimated to be $357 and $352, respectively, per patient. Self-management for NOACtreated patients has not been considered because the novel drugs are established without drug monitoring, and no point-of-care device is now available for monitoring NOACtherapy. However, the total acute cost for a major thrombotic event is $14,428. The cost of a major hemorrhage event is estimated to be $6,003. After a major event, patients with mild disability underwent 1 year of rehabilitation at a cost of $2,176. For those with permanent disability, an average yearly cost of $33,532 for care was estimated.
However, data of efficacy from large randomized trials exists for NOAC, [16] [17] [18] [19] [20] and they showed the reduction of major adverse bleeding events with NOAC. This is likely to lower the overall health care costs in comparison to following the VKA strategy, though it is hard to get a real-world cost estimate for this.
Conclusion
By now, three direct oral anticoagulants -dabigatran, rivaroxaban, and apixaban -are approved for stroke prevention in patients with nonvalvular AF.
Among the factors of oral anticoagulation that induce dissatisfaction, lifestyle limitations reduce quality of life the most. VKA as current standard therapy used for prolonged stroke management have a narrow therapeutic window, interindividual variability in dose response, and numerous drug-drug and drug-food interactions. The direct
• Drug monitoring might be beneficial for patients with renal or hepatic impairment or in emergency situations assays only available in coagulation laboratories
• No specific antidote or method for reversing the antithrombotic effect is yet established
• Due to shorter half-lives, the status of adherence and compliance has to be checked
• Higher acquisition costs relative to VKA ability to pay for long-term treatment has to be ensured
• NOAC have a wide therapeutic window, low inter-and intraindividual variability
• NOAC can be used in fixed doses without laboratory-guided dose adjustment 
796
Mani and Lindhoff-Last oral anticoagulants are effective alternatives to warfarin or phenprocoumon. However, special care is indicated in patients with increased risk of bleeding or with renal or hepatic insufficiency. Dose reductions have to be considered in such cases. Moreover, older patients represent a particularly difficult cohort of patients in which both the thromboembolic risk and the risk of bleeding are increased. In these patient cohorts monitoring anticoagulation therapy may be helpful in optimizing therapy with the direct oral anticoagulants. Methods for accurate and effective monitoring of direct oral anticoagulants are available. In order to accurately estimate the cost, the cost differences of the various anticoagulant drugs have to be calculated, but also the costs of monitoring VKA versus measuring NOACconcentrations in special clinical situations, the cost of bleeding events, and the costs of stroke have to be considered. Uncertainties in clinical practice, that may be solved in the near future, arise in particular from: the lack of availability of specific antidotes for rapid antagonism of the anticoagulant effect of direct thrombin or factor Xa inhibitors; the lack of validated point-of-care tests to monitor and review the quality of anticoagulation in certain emergency situations (for example, in acute bleeding and chronic renal insufficiency); and from the absence of clinical data on the management of bleeding under direct oral anticoagulants or perioperative switching and bridging (timely discontinuation and resumption in operations). There are also no data on possible interactions with other drugs in the presence of much comorbidity. In figure 1 some issues that have to be considered for treatment with NOAC are mentioned. Therefore, it has to be carefully considered if using fixed doses without laboratory-guided dose adjustment is a real benefit for patients' quality of life and adherence. To conclude, individual patients' satisfaction profiles are influenced by many factors, and have to be adjusted with physicians' satisfaction profiles.
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